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APPENDIX A

SUM DATA BASE CREATION PROGRAMS

OVERVIEW
Flowchart

The SUM data base creation process consists of several steps as shown in
Figure A-1. The starting point is the Government Master File (GMF) containing
current Government frequency assignments. Records from the frequency band of
interest are selected from the GMF and used as inputs to program PREUSAGE.
PREUSAGE reformats the GMF data and performs preliminary calculations. The
output of PREUSAGE is used as the input to program USAGE. USAGE calculates
the geographic spectrum usage for an 8 degree wide by 24 degree long section
of the US. It takes eight runs of program USAGE to completely cover the 48
contiguous states. The eight data sets together form the SUM data base of the
US for the frequency band of interest. The data can be contoured using
program SUMPLOT, or a tabulation of spectrum usage in square kilometers can be
obtained from program HISTO.

Hardware/Software

The GMF data base is maintained on the NTIA Unisys 1100 computer.
Programs PREUSAGE, USAGE, SUMPLOT, and HISTO reside on the NTIA MicroVAX II
computer. A1l programs on the MicroVAX II were written in FORTRAN 77. Plots
were created using GRAFkit graphics software and an HP 7550 8-pen plotter.

A-1



<>

GMF

Database

Average
terrain
height

data

Figure A-1.

Select
specific
frequency

band
information

Selected
GMF data
sent to

MicroYAX

PREUSAGE - Find
median values,
effective ant
heights: and
carrier pouers

USAGE - Calculates
geographic spectrum
usage

8 x 24
degree
usage

dataset

SUMPLOT -
Contours
usage

Usage
contour plot

A-2

HISTO -
tabulate
area usage

Area usage
histogram

Flow chart of SUM Database creation.

vl



PREUSAGE PROGRAM
Purpose

Program PREUSAGE preprocesses the selected GMF records in several ways:

effective antenna heights are calculated,

- bearings and distance between transmitter and receiver(s) are
calculated,

- carrier powers are computed,

- records containing errors are skipped,

- radius of operation is computed when applicable,

- reflector paths are calculated,

- median values are calculated for use as a typical fixed system.

Inputs

Program PREUSAGE inputs include GMF records for the frequency band of
interest, and the average US terrain elevation file. The average terrain file
contains elevations, in meters, for a 15 second grid covering the
contiguous 48 states. The terrain data has been averaged over a 50 kilometer
radius circle centered on each grid point.

Calculations

Effective antenna heights are calculated for each transmitter and
receiver location. Ground based fixed service antennas are defined to be the
base height above mean sea level minus the average terrain elevation plus the
tower height. If this calculation is less than zero, an effective height of
zero is assigned. Airborne antennas are defined to be 30,000 feet minus the
average terrain elevation. Ground based mobile systems are defined to be the

A-3



tower height, since their radius of operations will on average be equal to the
average terrain height of the area.

The bearing and distance between each transmitter and its receiver(s) and
the vreturn bearing(s) are calculated for each GMF input record. The
calculations assume a spherical earth. '

GMF records containing a radius remarks field are assigned a circular
location with the given radius. GMF records containing a rectangular area of
operation are also assigned a circular Tocation with a radius from the center
of the area to one of the corners.

GMF records containing reflector or passive 1links are broken into
separate records with each reflector or passive assuming the role of receiver
at the end of a 1ink and then becoming the transmitter at the start of the
next Tink. Further discussion on this topic can be found in Section 2.

The following median values are calculated for all of the input GMF fixed
station records: transmitter power, transmitter bandwidth, antenna gain,
effective antenna height, and received carrier power. These median values
represent the defaults for the typical system used in geographic spectrum
usage computations.

A detailed discussion on the engineering theory of this program can be
found in Section 2.

Outputs

PREUSAGE outputs a file containing median data in record one, and two
Tines of data for each transmitter/receiver pair. The first line contains the
transmitter and receiver Tlocations, frequency identification, ‘transmitter
power, bandwidth, antenna gains, effective antenna heights, and number of
mainbeams. The second line contains the received carrier power, authorized
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radius, effective reflector width (not used), hear-fie]d indicator (not used),
bearing, and return bearing(s).

USAGE PROGRAM
Purpose

Program USAGE creates a geographic data file of spectrum usage covering
an 8 degree wide by 24 degree long area of the US. The data can be spectrum
use bandwidth or spectrum use factor. A discussion of these two spectrum use
measures is covered in Sections 2, 3, and 4. It takes eight runs of program
USAGE to completely cover the 48 contiguous states (this 1is caused by
Timitations in the commercial software presently used and is not a basic
1im1tat{on). The resulting eight output files together form a SUM data base
for a selected frequency band, and a selected spectrum use measure.

Inputs

The output file of program PREUSAGE is used as input file for program
USAGE. In addition, the user must supply the following information: Tower
and upper frequency of band, northern and western limits of map coverage,
choose spectrum use bandwidth or spectrum use factor, C/Itp, and the option to
change default values for the typical fixed system.

Calculations

Path Toss calculations are made using the Integrated Propagation System
model (IPS).  This model uses a smooth-earth approach. A more detailed
discussion of this model and other calculations made by program USAGE can be
found in Section 2.
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Program USAGE Toops twice for each input record, once for the
transmitter, and once for its associated receiver. Transmitters with more
than one associated receiver will have no data for the transmitter field for
the additional receiver records. For each loop, a geographic box or circle is
calculated which completely encloses the transmitter or receiver antenna
pattern; Nondirectional antennas, antennas with gains Tless than 10 dBi,
mobile systems, and airborne systems are enclosed by a circle. All other
antennas are enclosed by a box or rectangle. The program steps thru the box
or circle at 5 minute data spacings, calculating the spectrum use at each test
point. For spectrum use bandwidth calculations, the band is split into 30
equal bins, with each bin occupied by the system bandwidth set to ones. After
all records have been processed, the bins set for each 5 minute data point are
added and multiplied by the run bandwidth divided by 30. This result
represents the total amount of bandwidth used at each point. For spectrum use
factor calculations, the computed spectrum use factor is added to any previous
values calculated at that point, with 1.0 being the maximum value allowed.
A1l transmitter spectrum usage values are outputted for each geographic data
point, followed by the receiver spectrum usage values.

Outputs

Program USAGE creates a data file of geographic sprectrum usage in units
of spectrum use bandwidth (SUB) or spectrum use factor (SUF). The file covers
an area of 8 degrees in longitude and 24 degrees in latitude. The data points
are spaced 5 minutes apart in both latitude and longitude. The first 1ine of
the file contains the map limits in latitude and longitude. The second line
contains information common to the file: the spectrum use measure (spectrum
use bandwidth or spectrum use factor), the frequency band limits, the data
point spacing in minutes, the bin width in MHz for spectrum use bandwidth, the
typical system parameters (transmittér power, bandwidth, antenna gain,
effective antenna height), and the C/Ii, used. This is followed by the
computed spectrum use measure values, 7 values to a line, 14 lines to cover
one row west to eaét, 4046 lines to cover a complete 8 degree by 24 degree
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area of transmitter usage, 8092 lines to cover both transmitter and receiver
usage.

SUM DATABASE

The SUM data base is comprised of eight 8 degree by 24 degree files as
described in the Outputs section of program USAGE of Appendix A. Each data
base covers one selected frequency band, using one spectrum use measure
(either SUB or SUF). For this project, the data base covers from 49 degrees
North to 25 degrees North, and 125 degrees West to 61 degrees West. A C/Itp
value of 60 dB was used for all runs. The total size of any one data base (8
data files) 1is approximately 65,000 Tlines of 80 characters each, or
approximately 5 Mbytes of data for machines which store 1 ASCII character per
byte.

OUTPUTS GENERATED FROM SUM DATA BASE

Contour plot program

Program SUMPLOT produces contour maps of any 8 degree by 24 degree SUM
data file. The contours are plotted over the appropriate map of US state
boundaries. The user can interactively select the lowest and highest contour
levels, and the contour interval. Refer to figures 3-2, 3-4, 3-6, 4-2, 4-3,
4-6, and 4-7 for example contour plots generated by program SUMPLOT.

Spectrum usage area table

Program HISTO produces two types of output. A histogram is generated
showing total area for varying levels of spectrum usage. A table of these
values is also generated including either the spectrum area used in MHz-kmZ
for a spectrum use bandwidth data base, or the spectrum use index (SUI) for a
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spectrum use factor data base. Refer to figures 3-3, 3-5, 4-4, and 4-8 for
example tables generated by program HISTO.
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APPENDIX B

SUM DATA BASE CREATION USER’S GUIDE

PREUSE PROGRAM SAMPLE RUN
$ GPREUSAGE
**%* Program PREUSAGE ***
Enter the GMF input filename: GMF1.DAT
Enter the lower frequency band Timit (MHz) : 7750
Enter the upper frequency band limit (MHz) : 7900

Enter the elevation in feet to be used for all
airborne transmitters and receivers (default = 30,000 ft) :

FORTRAN STOP

USAGE PROGRAM SAMPLE RUN

$ RUN USAGE
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*** J.S. Spectrum Usage Database Program ekk

This program reads an input file prepared by program PREUSAGE of GMF
transmitter/receiver data. It outputs a database file of spectrum usage for a
8 by 24 degree area. This database can then be plotted using the program
NCARPL.

Enter the input data filename: PREUSE.DAT

Enter the output plot fi]ename{ US1.SUM

Enter the lower frequency of band (MHz): 7750

Enter the upper frequency of band (MHz): 7900

Enter the northern-most Tatitude in degrees N: 49

Enter the western-most longitude in degrees E: -125
Select the output usage parameter:

Spectrum use factor
Spectrum use bandwidth

— O
1}

Enter C/Itp in dB: 60

Typical values to be used for test-points: Range
1.Transmitter power 00.0 dBw (-41.9 to 13.0)
2.Transmitter bandwidth 20.0 MHz ( 1.0 to 45.0)
3.Antenna gain 40.0 dBi ( 0.0 to 64.0)
4.Eff. antenna height 290.0 ft ( 10.0 to 6018.0)
5.Received carrier power -57.1 dBW (-137.9 to 25.6)
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Do you wish to change any of these typica]kva1ues (YorN) 2 N

FORTRAN STOP
$

SUMPLOT PLOT PROGRAM SAMPLE RUN

$ @SUMPLOT

Enter the input plot filename: US1.SUM

Plot default parameters:

1. State/country boundaries
(O=continuous lines, l=dotted)

2. Lat/lon grid line interval in degrees
(0=no grid, <0 =no perimeter)

3. Lowest contour Tevel

4. Highest contour level

5. Contour interval

Do you wish to change any of these (Y or N) 2 N

CGM Generator
Copyright @ 1986 ICEX Inc.

Metafile Started
Record Number:

8
Metafile Finished
Block Size:

23
FORTRAN STOP
$
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HISTO PROGRAM SAMPLE RUN

$ @HISTO

Please enter

Opening
Opening
Opening
Opening
Opening
Opening
Opening

Opening

file
file
file
file
file
file
file
file

the file

USAl
USAZ2

USA3.
USA4.
USAS.
USA6.
USAT.
USA8.

.SUM
.SUM

SUM
SUM
SUM
SUM
SUM
SUM

*x% Program HISTO **

name of the first data base file:
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APPENDIX C

MODEL VERIFICATION

INTRODUCTION

This appendix provides a verification of the calculations for the
spectrum use bandwidth (SUB) and the spectrum use factor (SUF) performed by
the SUM model. The calculations were verified by comparing SUM model results
for a hypothetical assigned transmitter and three test points with results

obtained using the equations from Section 2 and a computer spreadsheet
program.

ASSIGNED AND REFERENCE STATIONS

The technical characteristics of the assigned transmitter and the
reference receiver are shown in TABLE C-1. Both the assigned transmitter and
the reference receiver are fixed service stations. The hypothetica] assigned
station is located at 30° North latitude, 75° West longitude. The assigned
station antenna mainbeam azimuth is 090°.

CALCULATIONS

This subsection shows the intermediate and final results .of the
calculations described in Section 2 for the assigned and reference systems
described above.
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TABLE C-1

ASSIGNED STATION AND
REFERENCE STATION CHARACTERISTICS

Assigned | Reference

Station Station
Frequency (MHz) 7825.0 ---
Transmitter Power (dBW) 0.0 ---
Bandwidth (MHz) 40.0 20.0
Antenna Gain (dBi) 40.0 40.0
Effective Antenna Height (m) 30.5 30.5
Received Carrier Power (dBW) --- -60.0

Transmission Loss Thresholds

The on-tune rejection of the interfering signal is calculated using
Equation 14 from Section 2. Since the bandwidth of the interfering
transmitter is greater than the bandwidth of the desired receiver:

OTR = 10Tog(BWy/BWR)

The transmission loss thresholds for cochannel and adjacent-signal
interference are then determined using Equation 5b:

Lith = P - OTR - C + C/Ip

The calculated OTR, C/I thresholds and Ly thresholds are shown in TABLE C-2.
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TABLE C-2

CALCULATION OF TRANSMISSION LOSS THRESHOLDS
AND INTERFERENCE BANDWIDTHS

OTR 3.0 dB
C/Ithe 60.0 dB
Lithe 117.0 dB
C/Ttha 0.0 dB
LithA 57.0 dB
BW¢ 60.0 MHz
BWp 150.0 MHz

The bandwidths over which interference could occur (see Equations 15a and 15b)
are also shown in TABLE C-2. The portions of BWj that fall outside the 7750-
7900 MHz band are truncated, leaving BWp = 150 MHz.

The results of most of the remaining calculations in this appendix are
displayed with eight decima1‘p1aces. While this level of accuracy is not
appropriate for actual «calculations, it is helpful in verifying the
calculations performed by the SUM model.

Propagation Loss and Antenna Gain

Propagation loss and antenna gain for the interference path are dependent
upon the distance and bearing from the assigned station to the test point.
The distance di between these points is calculated using Equation 15 from
Section 2:

di = cos‘l[sin(Ll)sin(Lz) + cos(Lj)cos(Lo)cos(8)] x C°

The bearing Bjp from the assigned station to.the test point is calculated
using Equation 16:
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sin(Ly)-cos(dj/C)sin(Ly)
sin(d;/C)cos(Ly)

By2 = cos~!

where:

[oe)
[
n

H

degrees east of north

The results of these calculations for the assigned station at 30°N, 75°W and

the three sample test points are shown in TABLE C-3.

TABLE C-3

Bearing from the assigned station to the test point,‘in

CALCULATION OF PROPAGATION LOSS AND ANTENNA GAIN

Test Point #3

Test Point #1 Test Point #2
Location _ 30°19'N 75°05'W | 30°02'N 74°51'W
Latitude (°N) 30.31666667 30.03333333
Longitude (°E) -75.08333333 -74.85000000
dp (km) 36.08804083 14.90047559
Lp(dy) (dB) 141.96166992 128.32661438
B12 (degrees) 347.20225499 75.56857022
01 (degrees) 102.79774501 14.43142978
Gi1(87) (dBi) -15.00000000 6.86726598

30°00'N 74°55'W
30.00000000
-74.91666667
8.01953828
122.76496887
89.97916666
0.02083334
39.99815729

The propagation loss Lp(dj) is determined using the
Section 2 and Appendix D.
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The angle 4; is the difference between the assigned station mainbeam
direction (090°) and Bj2. The assigned station antenna gain Gj(8;) in the
direction of the test point 1is then calculated using the antenna gain
equations in Section 2.

Spectrum Use Bandwidth

As described in Section 2, the spectrum use bandwidth at a test point
based on the effects of a single assigned station is determined by comparing
the calculated value of transmission loss with the threshold value. Equation
8 is used to calculate the transmission loss between the assigned and
reference stations (assuming that 8, = 0°):

Ly = Lp(dg) - G1(d7) - G2(0)

The calculated values of Ly for each of the test points are shown in TABLE
C-4.

TABLE C-4

CALCULATION OF SPECTRUM USE BANDWIDTH

Test Point #1 Test Point #2 Test Point #3

L (82=0°) (dB) 116.96166992 81.45934840 42.76681158
SUB (MHz) 60.0 60.0 150.0
SUB (SUM model, MHz)} 65.0 65.0 150.0

The spectrum use bandwidth 1is then calculated using these values, the
threshold transmission loss values from TABLE C-2 and Equation 7:
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SUB = BWp if L < LTtpa

Bg if Litha < L1 < Lithe
0 if L > Lithe

The values for the SUB calculated using this equation and using the SUM
model are shown in TABLE C-4. The SUM model uses thirty 5-MHz bins to keep
track of the spectrum used. The frequencies over which interference could

occur ) overlap 13 of the bins,13H accounting fod&kl3theOHMHz est Poi #1 and

Figure C-1 shows 65 MHz and 150 MHz spectrum use bandwidth contours for
this example. Test Points #1 and #2 lie within the 65 MHz contour. Test
Point #3 lies within the very narrow 150 MHz contour, which extends to the
east from the assigned station.

Spectrum Use Factor

The cochannel and adjacent-signal antenna gain thresholds, used in
determining the spectrum use factor, are calculated using Equation 9:

G2(f2th) = Lp(dy) - Lytp - G1(81)

The values for 8y¢pc and fp¢pa are then calculated using Equations 22 and 23.
The results of these calculations are shown in TABLE C-5.
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Figure C-1. Contours for Spectrum Use Bandwidths of 65 MHz and 150 MHz for
the Verification Example.
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TABLE C-5

CALCULATION OF SPECTRUM USE FACTOR

Test Point #1 Test Point #2 Test Point #3
Go(92¢hc) (dBi) 39.97196988 4.46964835 -34.22288846
8othc (degrees) 0.08125358 17.99757806 180.00000000
G2(02¢tha) (dBi) 99.97196988 64.46964835 25.77711154
fotha (degrees) 0.00000000 0.00000000 2.52880615
SUF 0.00018056 0.03999462 0.40842935
SUF (SUM model) 0.000180 0.039995 0.408429

The spectrum use factor is then calculated using Equation 10:

82thC BWc 02thA BWp - BW(
SUF = S x + X — -
180 BW ot 180 BWiot

The SUF values calculated using this equation and those caiculated using the
SUM model are both shown in TABLE C-5.

Figure C-2 shows 0.00, 0.02 and 0.04 spectrum use factor contours for
this example. Test Points #1 and #2 correctly lie very near the 0.00 and 0.04
contours respectively. At Test Point #3, all the azimuths are used in the
cochannel frequencies and a small fraction in the adjacent-signal frequencies,
resulting in a SUF just over 0.4 (the ratio of BWg to BWigt)-

SUMMARY

The spectrum use bandwidth and spectrum use factor values calculated in
this appendix closely match those calculated using the SUM model. The
spectrum-area use product, spectrum-area use index and spectrum use index are
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calculated using large numbers of SUB or SUF values and a relatively simple
technique. A similar verification is not necessary or practical for these

values.

Test Point #1

3 Test Point #2

-t
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-

®
+
o

Test Point #3
i /

Scale: 10 km Per Dlvision

-

Figure C-2. Contours for Spectrum Use Factors of 0.00, 0.02 and 0.04 for

the Verification Example.
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APPENDIX D

N

TERRAIN DATA BASE AND EFFECTIVE ANTENNA HEIGHT

INTRODUCTION

This appendix explains the interaction between propagation models and
terrain data bases, and their affect on the tradeoff between computation
accuracy and computation time. Some of the options available are described,
and the choices made in the current implementation of the SUM data base
creation program are justified.

EFFECT OF TERRAIN AND ANTENNA HEIGHT

As explained in Section 2, values in the SUM data base depend on the
propagation loss, Lp(dI), where dj is the distance between the transmitter and
the receiver. Lp also depends on the radio frequency, the heights of the two
antennas, and the characteristics of the path. For frequencies above 100 MHZ,
such as are used in this report, the antenna heights relative to the terrain
between the two antennas are most important.

If a transmitter and receiver both have directional antennas that are
located high enough so that their conical main beams clear all terrain
obstacles between them, the propagation loss is the same as it would be in
free space. If the antennas are lower, so that terrain (for example, a hill)
partially or completely blocks the view of one to the other, the propagation
loss is much greater. On a smooth earth, blockage of the signal occurs when
the low antennas are far enough apart that the line-of-sight between them
intersects the curvature of the earth.

To reap the benefits of 1ine-of-sight propagation, radio system designers site
their antennas on high points in the local terrain.
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Accurate calculation of the propagation loss requires the elevation of
the antenna sites, the heights of the antennas above their sites, the terra1n
profile between the two sites, and a propagation model capable of using all
this information. In principle, such information and models are avai1ab1é,
but they require large amounts of computer storage and calcutation time. ‘
Some of the alternative propagation loss models and terrain data bases w111
now be discussed, and the options chosen for the SUM data base creation
program will be explained.

Three options were considered:

1. Use the antenna heights from the GMF and a simple smooth-earth
propagation loss model. This is the simplest model and requires the
least calculation time. Recall that the propagation loss must be
computed from each assigned system to many different test points.
For calculations such as those in this report, there may be millions
of such paths. However, if the earth is assumed to be smooth, all
the paths from one assigned system to its test points are the same
except for the Tlength. This simplifies propagation TJoss
calculation. Also, this method does not require a terrain data
base.

The weakness of this method is its inaccuracy. As mentioned above,
system designers often choose the highest local terrain as sites for their
antennas. This puts the height of the antenna above the average terrain along
the path considerably greater than the height of the antenna above its site.
Thus, the antenna can "see" further than would be expected from the antenna
height alone, and will cause interference at a greater distance than would be
calculated using the antenna height alone. Spectrum use bandwidths and
spectrum use factors computed with this method would probably be consistently
smaller than they should be.

2. At the other extreme, there are available digital terrain elevation
data bases, and propagation loss models that use them. Terrain
elevations have been digitized on a threesecond grid. To use this
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approach, a detailed terrain profi]é would have to be retrived from
the data base for each path from an assigned system to a test
point. There could be hundreds of such points for each assigned
system. The propagation models that use detailed terrain profiles
are usually more complex than smooth earth models, and therefore
take more computer time. The total computation time used by this
method might be hundreds of times longer than that required by the
first method.

3. The method chosen for the SUM data base creation program is a
compromise between methods 1 and 2. The method uses an "effective"
antenna height and a smooth‘earth propagation model.

Because of the smooth earth model, all paths from an assigned system are
alike except for the length. This simplifies calculation of the propagation
Toss. The "effective" antenna height captures the most significant effect of
the local terrain.

A data base containing the average terrain elevation for all points in
the United States is available. In most cases, the "effective" antenna height
is defined to be the elevation of the antenna site minus the average terrain
elevation plus the height of the antenna above its site. If the antenna is
sited on a hill, then (very roughly) the "effective" height of the antenna is
the height of the hill plus the tower height. Intuitively, this yields the
correct distance from the antenna to the horizon, which is the important
distance for interference calculations.

In some cases, the definition in the preceding paragraph would vield a
negative "effective" height. For example, consider an antenna in Boulder,
Colorado. Boulder is on the border between the plains and the Rocky
Mountains. Thus, a circle centered on Boulder would include many points much
higher than Boulder, and the computed average terrain height might be several
hundred yards higher than Boulder itself. Then the "effective" antenna height
defined above would be negative, even though the antenna itself could see for
many miles in any easterly directon.
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To handle these exceptional cases, the "effective" antenna heightf is
defined to be the largest of the antenna height above its site and ithe
definition given above. This definition will of course produce errors 1n?the
propagation loss for some situations. However, it is believed that tﬂese
errors will not be consistently biased in either direction, and will "average
out" in the calculation of the spectrum use bandwidth and spectrum use factor.

POSSIBLE REFINEMENTS OR MODIFICATIONS IN THE SUM CREATION PROGRAM

- The SUM creation program is modular, so that it is possible to change the
terrain and propagation decisions made in its development. Two possible
changes will be discussed.

If greater accuracy in the calculation is deemed to be worth much greater
computer time, then the detailed terrain data base and complex propagation
loss models described in the previous section can be installed in the creation
program. This is not a trivial modification. It would only be worth doing if
highly-accurate calculations were desired for a small geographic area.

A much easier refinement would be to change the size of the area averaged
to get the average terrain used in method 3, or to compute the average terrain
on a smaller grid. The data base now used has average terrain elevations
every 15’ in latitude and longitude. The average is computed for a circle
with radius 25 km (16 mi) centered on the point. The FCC sometimes uses an
effective antenna height based on terrain from 3 to 16 km (2 to 10 mi) from
the transmitter along a path. It has been suggested that the average terrain
height be computed for 16 km (10 mi) around the grid point rather than 25 km
(16 mi) to conform to this definition. It is unknown how much this would
change the SUM calculations. It should be noted that "16 km (10 mi) from the
grid point" is not the same as "16 km (10 mi) from the transmitter" because it
is unlikely that assigned transmitters will be located on evenly spaced grid
points. )
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Another possible refinement in the current method would be to use a
smaller grid spacing for the average terrain elevation data base. This would
increase the computer storage required, but would not affect the time. How

much this would affect the accuracy of the SUM calculation needs to be
determined.
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